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COVALENT CONJUGATES OF 
LIPID AND OLIGONUCLEOTIDE 

This invention reUtei to covalent conjugates of Upids and oUgonucleotides and their 
5 use in the pharaaeeutJeal, pnrifieation, and diagnostic am. 

Use of antisense RNA or DNA hu proven useful for manlpuUUng eulcaryotic gene 
expression. This technique is based on blocking the Informational flow from DNA to 
protein via RNA by introducing • complementary sequence to a porUon of the target 
mRNA In the cell. When the oUgomer Is absorbed by the cells. It can either funcUon In the 
10 cytoplasm by blocking translation of the target messenger or, upon penetrating the nucleus, 
interfere with nuclear processing or transcription by binding to DNA. In the case of viral 
infection, antisense oligomers may also function by blocking viral replication, depending 
on tiie target site of tiie oUgomer on tiie viral genome. Complementary nucleic acids that 
inactivate gene expression have been designated antisense nucleic adds. 
I s Efficient transport of nucleic acids acrou Ull membranes is of great importance for 

antisense nucleic acid technology, u well as In simple transfection experiments. For recent 
reviews of antisense oligonucleotides, see van der Krol et a/., BioTcchniOWW. & 958 (1988) 
tnd Zon, phr""»g*«'*iea' t 339 (1988). 

Uptake of nucleotides by cells and liposomes is normaUy an inefficient process due 
20 to the high charge density of U»e nucleotide. A numbei of schemes have been used to 
improve incorporation efnciency, namely, calcium phosphate-mediated gene transfer (Chen. 
C.A. and Okayama. H.. «ioT«;hniQues. fc632 (1988)). use of retroviral vectors (Eglitis. 
M.A.rt «/.. BiATgehniaues . & 608 (1988)), microinjection (DePamphilis, M.L. et aL, 
BtnTiiehnigues. & 662 (1988)). use of adenovirus vecton (Berkner. K.L.. BioTcchniflUCi. 
25 & 616 (1988)). electroporation (Andreason. G.L. and Evans. G.A., BloTcthniguCi. & 650 
(1988)). rapid acceleration of DNA-coated. gold particles (Christou P. et at,. P l ant PhYj i ol .. 
12; 671-674 (1988)). and liposome<>mediated gene transfer (Mannlno. R.J. and Gould- 
Fogerite. S.. B8»Ti>ehniQues. & 682 (1988)). All of these methods, however, suffer from one 
or more problems relating to cellular toxicity, introduction of potentially pathogenic viral 
30 factors, poor reproducibiUty. inconvenience, or Inefficiency of DNA delivery. 

More recently. DNA covalentiy attached to cell receptor Ugand proteins, such as that 
for epidermal growtfi factor, was studied as a means to effect cell-specific DNA delivery. 
EP 273.085 published July 6. 1588. Additionally. DNAs complexed wiUi sugar-lysine 
conjugates (Wu. O.Y. and Wu, r H - 1. Bioi.Chem.. 263: 14621 (1988)) and with a positively 
35 charged Upid. i.e.. N-tl-(2.3-dioIeyloxy)propyll-N.N.N-trimethylammonium chloride, 
entrapped in a liposome (Feigner, P.L. et al., PrftC, Natl. Acaa. Sci. USA.» 14: 7413 (1987)). 
were shown to enhance transfection efficiency. 

Protein-DNA conjugates are found in nature and are important in viral replication. 
Vartapetian and Bogdanov, a a Pm«. Nuff| Arid Rm. MqI. Biol.. 24: 210 (1987). Non- 
40 natural hybrids have been prepared in which DNA b linked to targeting, cleaving, or 
reporter groups, including peptides, biotin. fluorescent dyes, and EDTA-Fe. Zuckermann 
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et tL. } Am rhutii. Soe.. lift 6592 (1988X Hmlimbidli et il.. Tfttrnhftdron Lfitt.» 2S; 5199 

(1987) : Connolly, ^..^.t aM, Re«.. 15; 3131 (1987); Atnwil et tl.. Nl l Cl . Acldl RM . . li! 
6227 (1986); Smith et .1.. H«h Aeidt Re».. U' 23W (»985); Mojer tad Dervtn. Sfiififlfift. 
222; 643 (1987). 

5 Photphttldyl nueleojldei ere bioiyntheUo lateraedUtei in the Upld netebolUm end 

» number of deriviUves thereof showed interestini btolo|l«l ectivitlei. Shuto. S. tt a/.. 
n ,fm Ph^rm. Bull.. a& 209 (1988) (5'-(3-in-Phoiph»tldyl)nucleotlde$ for •ntUeukemic 
tctivliy): VS. Pit No. 4.797.479 Issued Jin. 10. 1989 to Shuto et il. (phosphoUpld- 
nucleoside complex prepired by reactlni L-flycerophosphoUpld with nucleoside in the 

10 presence of phosphoUpise D for treetment of tumors); Mitsushitn. T. «f a/.. nnWf 

11; 2707 (1981) (nucleoside y-dlphosphete-L-U-dipilmiUn derivttlves of 1-D-D- 
■rabinofurenosylcytosine. 9-0-D-tr«binofurw»osyUdenine. end tubercidin for enhinced 
catabolie subility); Turcotte. J.O.. et at., BifKhftm. Binrhva. A«l. 612; 604 (1980) and fil2; 
619 (1980) (tnelogs of cyUdine diphosphate diacylglycerol contrining the l-tt-D- 

15 arabinofuranosyl moiety for anticancer icUvity). A eholesteroi-nucleoside conjugate was 
recenUy reported for application in liposomes. Hashida H at., ChffTn . Pharm . Bull . . 2& 3186 

(1988) . 

Combinations of ether lipid analogs and DNA-interactive agents. I.e.. adnamycin, 
4-hydroperoxycyclopho8phamide, and eisptoUn. were found to enhance anti-tumor activity 

20 in an additive fashion. Noieda et at., Cimx R«.. d& 1788-1791 (1988). 

Transfection methods applicable for in Hvo therapeutic purposes, e.g.. in which 
foreign sequences of acUve nucleic acids can be applied to a living organism to cure some 
deficiencies of the cell metabolism, have been developed. For example. Cheng et al.. iiufiL 
Aeidi Res. . H; 654-669 (1983) reports that the construct of chloramphenicol- 

25 acetyltransferase gene bound to o 2-macroglobulin was intemalixed in 3T3-4 cells. 
However, no evidence was provided that the internalized DNA was capable of performing 
a function in the host celb. EP 273.085. publbhed July 6. 1988. discloses linking a nucleic 
acid to a cell homing or targering factor that promotes the penetration of the foreign 
nucleotides through the cell membrane, but has little specificity regarding cell recognition. 

30 Such targeting factors include low density lipoproteins, growth factors, viral antigens, and 

the B chain of toxins. 

The use of hydrophobic 5'-protecting groups for tiie HPLC purification of chemically 
jynthesiied oligodeoxynucleotides by solid support methods was recently investigated. 
Seliger and Schmidt. I rt.romi.to»raphv m 141-151 (1987); Schmidt et al.. fclufilfiflSidfil 
35 NnelMtides. 7: 795-799 (1988). 

It is an object of U»e present invention to provide a vehicle for introducing DNA 
across cell membranes that b highly efficient. 

It b anoUier object to provide a transfection technique for intemaliiation of active 
oligo- and polynucleotides. e.g., antbense DNA that can hybridiie to mRNA in the cell and 
40 thus inhibit cellular or viral functions. 



wo 90/10448 



PCTAIS90/01002 



•3- 

It U yet another object to provide an atent that b more stable than DNA-Hpld 
complexes and Is a substrate for ceUular Upues so that the molecule will be cleaved when 
it comes into contact with membrane-bound iniraceUular cytoplasmic enzymes to free the 

drug for use by the cell. 
5 It b a further object to provide a liposome encapsutatlng such an agent. 

It b still a further object to provide an assay for nucleic acids and antibodies 

incorporating the agent 

These and other objects wlU be apparent to one of ordinary skill in the art. 

These objects are achieved by the provbion of a covalent conjugate of a Upid and an 
10 oUgonucleoUde and pharmaceuUcaUy acceptable salts thereof. Preferably, the 
oligonucleotide has a nucleotide sequence sufficiently complementary to a pathogenic 
nucleic acid or an oncogene to hybridize thereto. 

In another aspect, the invention provides a conjugate that b labeled and one that b 
immobilized on a solid support 
15 In further embodiments, the invention provides a method for Introducing the above 

conjugate into a host cell comprbing transfecting the host cell with the conjugate. 

In a still further aspect, the invention supplies a composition comprbing a 
pharmaccutically acceptable carrier and the conjugate, with the carrier preferably being a 
liposome. 

20 In another aspect, the invention provides a method comprbing administering to a 

plant, animal, or human suffering from a pathogenic condition an effective amount of the 
above composition. 

In still another aspect, the Invention provides a method for the assay of a nucleic acid 
having a predetermined nucleotide sequence in a sample comprbing: 
25 (a) providing the conjugate as a labeled conjugate that hu a nucleotide sequence 

capable of hybridizing to the predetermined sequence; 

(b) immobilizing the labeled conjugate on a support; 

(c) conucting the sample with the immobilized conjugate under conditions that would 
cause hybridization of the nucleic acid with the oligonucleotide portion of the conjugate 

30 if the nucleic acid b present In the sample; and 

(d) detecting the presence of labeled oligomers. 

In an additional aspect, the Invention provides a method for separating an 
oligonucleotide from a mixture, which method comprbes: 

(a) providing the conjugate having a nucleotide sequence capable of hybridizing to 
35 a sequence contained within the oligonucleotide to be separated; 

(b) immobilizing the conjugate on a support; 

(c) contacting the mixture with the immobUiicd conjugate, under conditions causing 
hybridization of the oligonucleotide of the mixture with the oligonucleotide portion of the 
conjugate; and 

40 (d) separating the hybridized oligonucleotides. 
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In yet laother aspect, the tovenUon provldei » method for lepmUng tn 
ollgonttdeotlde from • mixture, which method comprises 

<t) provldiai the conjofite htvtoi t nudeoUde sequeace capable of hybridizing to . 
• lequenee contained withia the oUgonudeoUde to be lepaiated In a hydrophobic phase; 
(b) providing the mixture In a hydrophllie phase; 

(e) contacUng the phase containtog the mlxturt with the phue containing the 
conjugate, under condlUons causing bybridizaUon of the eUgonucleoUde of the mixture 
with the oUgonudeoUde portion of the conjugate; and 

(d) extracUng from the phase containing the mixture the hybridized oligonucleotides 
and transporting them to • separate hydrophllie phase. 

In another aspctt. the invenUon provides a mpthod for detecting lupua erythematosus 
In a human comprising contictlng a serum sample from the human with a liposome 
comprising the conjugate and a tabeU said contacting being such that the antibodies bind 
» the OUgonudeoUde on Uie Uposome. so as to alter ti»e subllity of U.e Uposome; and 
15 measuring for Uie presence or absence of the tabeL 

The invenUon herein revolves around covalfnt conjugates of lipids and 
oligonucleotides Uiat contain nudeoUde sequences of interest or are sufficienUy 
complementary to hybridixe to sequences of interest The Upld ^ to Intemaliie the 
nucleic acid sequence chemically coupled Aereto into host celb. typically by endocytosis. 
20 and is bound to Uie oligdnudeoUde Uirough a coupling sufficienUy labile that i- does not 
repress subsequent biochemical functioning of Uie oligonudeoUde in Uie cell after 
intemaliiation. In fact, preferably tiie conjugate is a substrate for a cellular enzyme that 
cleaves the conjugate to release the digonucleotlde. The lipid Is suitably covalcntly bonded 
to any moiety on Uie oUgonudeoUde. such as an amino group on Uie base, the hydroxyl 
25 group of the phosphate, or a hydroxyl group at U>e 5* or V terminus of the oUgonudeoUde. 
Preferably, however, it U bonded to UteS* hydroxyl group Uiereof. 

For purposes herein. U»o term Tipid" refers to fats and fat-derived materials that are \ 
insoluble in water but soluble in btologically occurring hydrophobic solvents, related to \ 
fany add esters, fatty alcohols, sterols, or waxes, and uUliiable by Uie animal organism. I 
Examples of such lipids Include fatty acids and esters tiiereof. glycerldes. e.g.. triglycerides. / 
glyceryl eUien. phosphoUplds. sphingolipids. fatty alcohob. waxes, terpenes. and steroids, j 
Lipids include Uiose U»at are derived naturally as well as Uiose Uiat are synthetically 
prepared. 

Of particular interest herein are conjugates containing a deavage site within the lipid 
or represenUng Uie covalent bond between U>e lipid and oligonudeoUde Uiat is specifically 
recognized by an enzyme endogenous to a host cell to which U»e conjugate is ttrgeted. 
Thus deavage at Uie site wUI break the bond or hydrolyze the lipid so u to render the 
conjugate more water soluble. Preferably the cleavage site is susceptible to enzyme 
hydrolysU. Abo preferred b U.at the enzyme b located at a cellular or nuclear membrane 
40 or b in the cytoplasm of a cell. 



30 



35 
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The most preferred lipids hereUi ere phospholipids, where the enzyme thtt recognizes 
the cleavage site b a lipase, preferably a phosphoUpase. Abo, preferably, the cleavage site 
Is the bond between the 5*-hydroxyl oxygen atom of the oligonucleotide and the phosphorus 
atom (in the case of phosphoUpase D) or the bond between the oxygen atom on the glycerol 
S side and the phosphorus atom (in the case of phosphoUpase C). PhosphoUpase C and D are 
ubiquitous membrane«bound cytoplasmic enzymes that catalyze the hydrolysis of certain 
phosphoester bonds, thereby cleaving the conjugate and releasing the oUgonucleotide into 
the cytoplasm. For a review of phosphollpases, see Dennis, E^. In *The Enzymes," Vol. 
XVI (New York: Academic Press, Inc., 1983), p. 307-353). It Is preferred to maximize 
10 cleavage tty phosphoUpase C or D rather than other Upases that cleave fatty acids so as to 
leave Uptd residue on the oUgonucleotide. 

Suiuble phosphoUpids herein Include, ej., phosphoglycerides, plumalogens, and 
other phosphatidie acids, sphingomyelin, and 3**0-aminoacyl phosphatidyl glycerol. 

The 'oligonucleotide* portion of the conjugate refers to a molecule comprised of two 
13 or more deoxyribonucleotldes or ribonucleotides that has a nucleotide sequence that is 
either of interest of sufficiently complemenury to hybridize to a nucleotide sequence of 
Interest The oUgonucleotide is typically one that is capable of performing a biochemical 
function in receptor host celb and/or altering the operation of the cell machinery. Its exact 
size wUl depend on many factors, which in turn depend on the ultimate function or use of 
20 the oligonucleotide. For example, If the oUgonucleotide b to be used u an antbense 
oligomer, to ensure specificity thereof, the sequence must be unique in the mRNA 
population, and complementary to the urget RNA. 

It has been calculated that a chain length of 14 nucleotides may be sufficient to 
define the sequence specincity of oligonucleotides. See Ts*0, el a/., "Biological Approaches 
25 to the Controlled Delivery of Drugs" Vol. 507, Ann. N.Y.Acad. Sciences, 1987. Increasing 
the length of the oUgonucleoUde increases stability of the duplex formed and thus its 
inhibitory effect. On the other hand, very long oligomers can interact with two or more 
mRNAs through base pairing Involving only 5-10 conUguous bases within the sequence of 
the oligonucleotide, thus lowering the specificity of the oligonucleotide. For general use, 
30 the oUgonucleotide contains at least five bases, more preferably, from about five to about 
thirty bases, and most preferably from about fourteen to about twenty-five bases. 

The oUgonucleotides herein are selected either to contain, or to be sufficiently 
complementary to hybridize to, the nucleotide sequence of Interest. Therefore, the 
oligonucleotide sequence need not reflect the exact sequence of the nucleotide sequence of 
35 interest. For example, a non-complementary nucleotide fragment may be attached to the 
5* end of the oligonucleotide, with the remainder of the sequence being complementary to 
the nucleotide strand of interest. Alternatively, non-complementary bases or longer 
sequences can be interspersed into the oligonucleotide, provided that its sequence be 
capable of hybridizing to the target nucleic acid. 
40 For purposes herein, the term "oligonucleotide" abo includes oligonucleotides having 

modifications of the sugar-phosphodiester backbone to reduce their sensitivity to cellular 
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oudeises and lacreise •biorpUoa by the eeU u nwded. One example Is 
methylphosphoMtes wherein one of the oxygen ttomi is iubstiiuted by a methyl iroup to 
result In four different subsUtuents on the phosphorus atom, u disclosed by vin der Krol • 
et al., supra in Table 1. OUgomer methylphosphonetes directed against HSV-1 immediate 

5 early mRNA-4 and -5 were found to prevent expression of herpistic lesions when applied 
in the form of cream to the HSV-lnfected ear of a mousa and were not toxic to mice when 
injected intravenously in concentraUons up to 40 mg/kg body weight MUler «f a/.. Antk 
flnnC ftT""'* P"'"- 2; 1 n-128 (1987); Ts*0 et al., supra. AdditionaUy. phosphorothioates 
have been found to be potent Inhibitors of viral proliferation, particularly HIV. Matsukura 

10 et al^ p«.v^ N«tl A«id.Sel.. M; 7706-7710 (1987X Agnwil et a!., PreC . Nall . AWd . 

ScL UAA., li: 7079-7083 (1988). 

The dennition of 'oUgonucIeotides* also includes those with a covalently linked 
reagent besides the Upid that increases affinity for the complementary sequence. For 
example, coupling of poly-(L-ly8ine) to the 3* end of an tntisense VSV oligonucleotide 

15 may be employed to enhance Its antiviral activity. Further, a phosphorothioate oligomer 
may be coupled to a poly-(L-lysine) to lower the effecdve dose. In addition, a 
phosphorothioate oligonucleotide Is useful herein because It is stable to cleavage by 
nucleases, is very soluble in water, and hybridizes more efflcienUy with a complementary 
DNA sequence that the corresponding methylphosphonate analogs. See, e.g.. Marcus- 

20 Sekura et al.. N..gt Adds R «.. 14 5749-5763 (1987). An intercalating agent such as 
acridine may be added to the 3* end of the oligonucleotide to enhance its affinity for the 
torget. Other methods include attaching to the antisense oligomer a reactive agent to 
modify the target nucleic acid irreversibly, including alkylating reagents, metal complexes 
such as EDTA-Fe(lI), o-phenanthroline-Cu(l), or porphyrin-Fe(n). Such compounds 

25 generate hydroxyl radicals in the presence of molecular oxygen and a reducing agent and 
cleave the complementary strand following atuck on the target nucleic acid backbone. In 
addition, a photocrosslinking agent can be attached to the oligomer, such as a psoralen 
derivative, azidophenacyl. and proflavine. 

In a preferred embodiment, the conjugate has the formula: 

30 

L-a{X-Z)J,-lX-P(-Y)0-'j,-A, 
wherein L is a steroid moiety, R„ or R,-X-CH(R,)-CH(-X-R,)-CH„ where Rj is a C^- 
C,o alkyl, C,-C,o mono-, di-, or polyunsaturated alkyi, C,-C, cycloalkyl or C»-C, mono- 
, di-, or polyunsaturated cycloalkyl group, R„ R„ and R4 are independently H, R„ or 
35 o-amino acyl, X U 0, S, NH, C(-0), or C(-0)0, OQ-O), NHC(-0), or C(-0)NH, and Y 
is O or S; 

Z is a C2-C}e saturated or mono-, di- or polyunsaturated alkylene moiety, n, m, and y are 
independently an integer from 0 to about 10; and 
A is selected from the group consisting of 

40 
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(off the 1l«bas«) , 



IS 



where B 1> . deprotocted bwe. p to «i toteier froa ibOBt 5 to 30. q «d f w totegen fwm 
.boot 1 10 28. provided thet ^ ♦ Q i. f ro« .boot 4 to 29. . end t .re integers from 0 to 
29. provided «h.t . ♦ t i. f rom .bout 4 to 29. E U X or 2X. «d D 1. elected from 
tb. group coniUtiog of (where the bond from the ting nitrogen. U .tt.ch.d to the iug.r 

moiety of the oligonucleotide): 



20 



25 




30 



35 



RH • Z 





40 
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15 



20 



2S 



30 



35 



40 




or 




X— 



m tenn. W tad 'cyelodkyr u used bmln nttt to both •trmliht-chtln »nd 
b»»eh.d .Ikyl ifoupi t-d cyclolkyl iroopi with .trliht-chiln or bfoched .Ikyl iroups 

r A -MTno.. di. polyf-tu^ted. -kyl. cyclo^'^^j; 
Wivlent Ikyl) «ol.U« refer to hydrocrboiu thit cont^ on. or .ore crbon-mbon 
irortrS..bond.«ywh.re.lo».theUch.in. Ex^n^^^^ 

un5.tur.ted cycUc or cyclic R» Include terpene.. .ueh u phytol. terenlol. Umonene 
Zn^l, «.d «,«iaen.. vitmin,. .uch « vitamin, A. D. «d K. «.d fl-mot.ne. «.d 

tfTb^*,teroid moiety, preferably It b . sterol. >nd more preferably > sterol linked 
to the oligonudeoUde through the hydroxyl group (either u » ether or ester) .t Its C, 
position. Examples of suitable steroids include cholesterol, lanosterol. a phytosterol. or a 

mycosterol such as, e.g., ergosteroL ^ ^ ^ « 

If L Is R,.X.CH(R»)-CH(-X.R,)-CH^ then R,. R,. and R.. If defined as R,. may 
tc combined to form an addiUonal carbon to carbon bond. Preferably. R, and R, are 
Independentiy H or C„.C„ saturated or unsaturated alkyl groups. R. is H or R» X is O. 
NH.^C(-0). C(.0). Oa-0). or C(-0)0. most preferably O. Y is O 2 is ethylene or 
carboayethylene. n. m. and y are from 0 to 2. more preferably y is 1 or 2. m is 1 or 2. and 
o is 0 or 1. p is .bout 10 tb 25. q and r'are from about 1 to 23. provided that their sum is 
from about 9 to 24. uid s and t are from 0 to aboiit 24. provided that their sum U from 
about 9 to 24. Preferably A I. the oUgonucleotide connected through its 5' end. more 
preferably where X I. O. If A I. comiected off the N-bue. It Is preferably off the N6 of 
an adenine residue or the N4 of a cytoslne residue. If R,. R,. «d/or R.. preferably R,. 
fa an a-amino acyl moiety, preferably H Is derived from any unino acid, more preferably 
a naturally occuaing amino acid, and most preferably lysine. 

If It is desired to provide ollgonudeoUdes containing IntercalaUng bases that are 
sterically confined so as to InacUvate transtaUonally the targeted strand, at least one of the 
bases A In the formula above Is a substantially planar base. The ollgonudeoUdes so 
derhraf ized hybrWhe to their complementary RNA or DNA strand, the modified nucleoside 
remaining unpaired but nonetheless Intercalated between adjacent base pairs In the duplex 
In a precisely stereochemically defined manner. In Ught of the precise steric urgeting made 
possible by this invenUon. the IntercalaUng moiety Is wbiUtutcd with a reacUve group 
capable of covalenUy modifying a predetermined site in the complementary domain. Such 
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mcUve iroops Includt eioiiUBklni and phosphite boad eleavisi igenu. These 
meUve groupi ere itericiny eoaflfttd aad less likely to latenet with cellultr eomponeots 
or oudelc ecld at sites other thia the tinet complementary sequence. 

The phrase "ktibstaatlaUy planar" in this context means that the sterie bulk of the 
troup lies substantially within an envelope approxlmatlnf the eteric gap bounded by the 
sugar backbone and flankini hnn present in • complementary nucleic acid strand. In 
general, this envelope has dimensions of about 30-50 AngstnwBS in width and depth and 
about 3-7 Angstroms In thickness. An example todndes a nucleoside having the structure: 



10 




wherein R, is an aromaUc polycycle, Y Is C or N, R, is N or -C(Ri)-, R» and R, are H or 
20 a halogen, nitro. alkyl. hydroxyalkyl, or alkylether group wherein the alkyl group has 1 to 
10 carbon atoms, and R, is a ribose or deoxyribose sugar. 

The nucleic scid sequences of interest iaclude mRNA and DNA, and may be preient 
in resuiction enzyme digests or other fragments of nucleic acids, e.g.. restriction fragment 
length polymorphisms (RFLPs). The nucleic acid or acids may be obuined from any 
25 source, for example, from plasmids such as pBR322. from cloned DNA or RNA, or from 
natural DNA or RNA from any source, including bacteria, yeast, viruses, and higher 
organisms such as plants or animals. For therapeutic purposes, the antisense 
oligonucleotides should be selected so as to have an efHcient and specific interaction with 
the target mRNA, an efficient cellular uptake and compartmentaliiation of the 
30 oligonucleotide, and sufficient stability In the different cellular compartments. 

For diagnostic use. the oligonucleotide may contain • sequence that encodes a 
diagnostically useful protein. e.g., pathogenic proteins, such as those responsible for viral 
InfecUons, including AIDS, oncogenes, growth factors, 0-globin, and the like. Further, 
other nucleic acids that encode no protein may be of Interest, e.g., transcription or 
35 translation conuol domains or sequences useful in forensic medicine. 

Most preferably, the conjugates herein have uUUty as agents for the antisense 
InhibiUon of translation of target nucleic acids. Such utilities have already been explored 
extensively with other antbense oligonucleotides (see van der ICrol et «/., supra, and WO 
g3/OI451 published Aprfl 28, 1983), and the oligonucleotides herein will be used in 
40 subsuntUlly the Mme fashion, using a rational, specific design based on the sequence and 
secondary structure Information of the target RNA or DNA, keeping in mind that the 
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ieeon<'-«ry or tertliry imictum io the tntbeoM RNA mty Innuenee the extent or rtte of 
hybrldlatlon. For thli nie. the oU|onucleotide hu a oucIeoUde sequence eeptble of 
hybridizing to a pathogenic nucleic acid or an oncogene, more preferably viral or parasitic 
nucleic acid infecting a plant, auch m a vegetable plant; anloal. such as domesUc, sports, 
tad farm animals, a. g.. dogs. cats. cows, and pigs; or human. For example. antUense 
oUgonudeoUdes. either modified or unmodified, can ba used to Inhibit viral Infections of 
Rous sarcoma virus, vesicular stomatitis virus, typo A Influenxa vims, herpes simplex virus, 
human Immunodeficiency virus, and plant viruses such as potato virus X coat protein gene 
tnd cucumber mosaic virus coat protein gene, to Inhibit parasitic. 6.g^ malarial, infections, 
and lo reduce expression of proto-oncogeno c-fflffi (for leukemia treatment), simian 
sarcoma virus. D-globia, and 0-iubulin genes. Examples of published viral sequences that 
have Inhibitory effects include those againstjlous sarcoma virus (Zamecnik and Stephenson. 
P rftc NMi Aod. ScL U5A.. 25; 2»0-284 (1978): Stephenson and Zamecnik. PrW . Natl 
A«id.Sci. U.S.A.. Lfc 285-288 (1978)). tiiose against human T-ceU lymphotropic virus type 
15 ni (Z«necnik et d.. ?r- ^""^ ^' UJLA.. » 4143-4146 (1986); WO 87/07300 

publbhed Dec. 3. 1987). and ttiose against herpes simplex virus type I (Smitii et al.. Elflfi. 
IMMl Acad. Sci. U3.A.. 2787-2791 (1986)). 

Included within U«e definition of useful oligonucleotides for inactivating pathogenic 
nucleic acids are oHgonucleoside alkyl- or arylphosphonate analogues complementary to 0>e 
20 target pathogenic sequence and including a functional group ti»at reacts with the target 
nucleic acid to render It Inactive or nonfunctional. These derivatives are described in EP 
266.099 published May 4. 1988. 

In other embodiments* ti»e oligonucleotide has a nucleotide sequence representing, 
or capable of hybridizing to, a cleavage site specifically recognized by an enzyme 
25 endogenous to a host cell to which tiie conjugate is targeted. For example, the 
oligonucleotJde may encompass a sequence reco'gnized by tiie RNase-H enzyme. This 
enzyme cleaves the RNA part of an RNA/DNA hybrid in Wn», resulting in subsequent 
degradation of U»e mRNA. Thus, the effect of the antisense oligomer can be catalytically 
enhanced by RNase-H activity. 

Since U>e splice junctions of pre-mRNAs Interact witii die RNAs of small 
ribonucleoproiein particles that mediate ti»e splicing process, tiiese regions of tiie messenger 
ire ideal targets for complementary oUgomers. Thus, tiie Invention herein includes 
tnUsense DNA or their analogs directed against splice- junction sites, especially when such 
antisense DNA has been found to be effective In inhibiting proliferation of HIV (Agrawal 
35 et al., Pr>v nmI Aead. ScL U^.A.. 7079-7083 (1988)). HSV (Smith el al., Proc . Nail . 
AfisuLSfiL U.S.A.. 11 2787-2791 (1986)). or synthesb of SV40 large T antigen (Verspieren 
et al.. Gene , fil; 307-315 (1987)). In addition, the invention b directed to complementary 
oligomers tiiat are designed to interact with tiie cap site or tiie InitUtlon codon region on 
tiie mRNA. Also, it has been shown tiiat antis^mse oligomers blocking Uie riboiome 
40 atuchment s»»e are very effective for tiiis purpose. 
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Th* oUgonudeotldM herein ire euittbly prepared uslof eoDvenUontl methods luch 
u for exemple. the phoiphotrleiter or phojphodleiter methods described by Narang. S.A. 
e/fl/.. Mf" i^"*v"a<- fit- 90 (1979) tnd Brown. EX. et ol^ Mfth , Fnrfmol . . fiS; 109 
(1979). respecUvely. or tutomated embodiments thereof. In one such automated 
5 embodiment, phosphoramldites are used as starting mtterials and may be synthesized u 
described by Beaucage « a/.. TfltTlhwInffl Uflcn. 1859-1862 (1981). One method for 
synthesizing oligonucleotides on a modified soUd support Is described in Pat No. 
4,458.066, issued July 3, 1984. It is also possible to use an oUgonudeoUde that has been 
i^Iated from a biological source, such as a restriction endonuclease digest. 
10 The conjugates are prepared by any suitable technique. For example. H-phosphonate 

methodology may be used to synthesize phosphoUpid conjugates, as described by Llndh and 
Stawinki. T I^nrlf ^""^^ Svmn. Ser. No. 18. 189 (1987). Synthesis of the same 
compounds is abo accomplished using phosphoramidite chemistry as described in Beaucage 
.„d Caruthers. IclOllfidrQILLfilL. 1859 (1981) and McBride and Caruthers. Tcinhcdron 
15 teiLi 245 (1983). The main advantage of using the H-phosphonate methodology is the 
nexibility in th« oxidaUon procedure. When the oxidation b carried out with carbon 
tetrachloride in the presence of amines, phosphoroamidatesare available, whereas oxidation 
with sulfur leads to phosphorothioate analogs, and carbon tetrachloride in the presence of 
alcohob produces phosphate triesters. Froehler. Tf tfflhrrtren Utt.. 22; 5575 (1986). 
20 Chemical atuchroent of lipids to oligodeoxynucleotides by the standard solid support 

DNA synthesis protocol can be employed for lipids that are normally stable to the 
deblocking conditions. i.e.. concentrated ammonia. Such lipids include ether lipids or 
amide lipids, including triglycerides and steroU that contain amide functionalities in their 
backbone. Fatty acid derived lipids that contain ester linkages would not normally be stable 
25 to such condiUons. The latter lipids can be conjugated by using the method of Chu et al.. 
]M..ri Acid^.Res. . 11; 6513-6529 (1983): This method requires that the Upid containif«e 
primary o r secondary amino group. The lipid may already contain such an amino group in 
^*;i57dSi5r^.8M in the case of phosphatidyl ethanolamine. phosphatidyl 3'-0- 
aminoacyl glycerol, and phosphatidyl serine, or it may be derivatized to contain such an 
30 amino group. Using the Chu et al. method, the aminoUpid is coupled to an oligomer-y- 
phosphate so as to produce lipid oligonucleotide conjugates. Abo, phospholipids may be 
suitably bonded to oligonucleotides enzymatically using phospholipase D, as has been 
reported for the synthesb of nucleoside lipid conjugates. See Shuto et al., supra. 

Oni use for the conjugate herein b for ti»e transfection of host celb so that DNA U 
35 stably incorporated therein. The transfection involves merely contacting U»e celb with the 
conjugate as by use of stirring at room temperature for at least about 15 hours, preferably 
about 20-30 hours. 

Another use b for the treatment of a mammal with a pathogenic condition that is 
alleviated or cured by use of an oligonucleotide with a nucleotide sequence that blocks a 
40 nucleic acid responsible for U»e condition. Examples of such conditions include those 
caused by oncogenes and infections caused by viruses such as AIDS, herpes, hepatitb. etc. 
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The mtmmtl to be treated may be any mammiHin species such u domestic and farm 
animals, Includini primates, and sporU or pet animals, as well u humans. Preferably, 
however, the preferred species being treated b human. 

The conjugate is adminbtered to the patient by any suitable technique, including 
5 parenteral, sublingual, topical, intrapulmonary, and intranasal administration. The specific 
route of administration will depend, o.g., on the type of therapy required. Examples of 
parenteral administration include intramuscular, subcutaneous. Intravenous, intraarterial, 
and intraperitoneal administration. 

The conjugates to be used in the therapy will be formulated and dosed in a fashion 

10 consistent with good medical practice taking into account the clinical condition of the 
individual patient, the cause of the condition in need of therapy, the site of delivery of 
the conjugate, the method of administration, the scheduling of administration, and other 
factors known to practitioners. The "effective amount" for purposes herein is thus 
determined by such considerations. 

IS As a general proposition, the total pharmaceutically effective amount of the 

conjugate administered parenterally per dose will be in the range of about 1 /ig/kg/day to 
100 mg/kg/day of patient body weight, although, as noted above, this will be subject to a 
great deal of therapeutic discretion. The key factor in selecting an appropriate dose is the 
result obtained, u measured by elimination of infection or reduction In tumor or by other 

20 criteria as deemed appropriate by the practitioner. 

For parenteral administration, the conjugate is formulated generally by mixing it at 
the desired degree of purity, in a unit dosage injectable form (solution, suspension, or 
emulsion), with a pharmaceutically acceptable carrier, excipient, or stabilizer, i.e., one that 
is non-toxic to recipients at the dosages and concentrations employed and is compatible 

25 with other ingredients of the formulation. Such materials include hydrophobic polymers, 
monosaccharides, disaccharides, and other carbohydrates including cellulose or iu 
derivatives, glucose, mannose, or dextrins, sugar alcohols such as mannitol or sorbitol; 
and/or nonionic surfacunts such as Tween, Pluronics, or PEG. 

Generally, the formulations are prepared by contacting the conjugates uniformly and 

30 intimately with liquid carriers, homogeneous phospholipid mixtures (for liposome 
encapsulation), or finely divided solid carriers, and then, if necessary, shaping the product 
into the desired formulation. 

Preferably the carrier is a parenteril carrier, more preferably a formulation that is 
botonic with the blood of the recipient The conjugate b prepared for storage or 

33 adminbtration by mixing it, when it has the desired degree of purity, with physiologically 
acceptable carriers, excipients, or stabilizers. Such materials are non-toxic to recipients at 
the dosages and concentrations employed, and will depend on the water solubility of the 
conjugate. If the conjugate b water soluble. It may t>e formulated in a buffer such as 
phosphate or other organic acid salt preferably at a pH of about 7 to S. If the conjugate 

40 b not very soluble in water, it may be prepared as a microemubion by formulating it with 



PCT/US90/01002 



-IS- 

. ooaioaie lurftctint .uch as Tween. Pluronto. rro, e.f., Tween 80. in tn amount of 
0.04-0.05% (w/v). to inereuelttMlubUlty. 

OpUonilly other ingredlentt may be added luch as anUoxldanu. e.|.. ascorbic add; 
low molecttlir weight (less than about ten residues) polypeptides. e.i.. polyarglnlne or 
trlpepUdes: proteins, such as serum albumin, gelatin, or immunoglobuUns; liydrophlHc 
polymen such as pclyvinylpyrroUdone; amino acids, such as glycine, glutamic add. 
iBparUc acid, or arginine; monosaccharides, dlsaccharides. and other carbohydrates 
including ceUulose or its derivtUves. glucose, mannose. or dextrins; cheUUng agents such 
u EDTA; and sugar ilcohob such u mannitol or sorbitol. 

The conjugate to be used for therapeuUc administxmUbn must be sterUe. Sterility is 
readily accomplished by filtration through sterile filtration membranes (e.g.. 0.2 micron 
membranes). The conjugate ordinarily will be stored in lyophilired form or u an aqueous 
solution or emulsion. 

Any reference to the conjugates herein also Includes the pharmaceutlcally acceptable 
salu of such compounds, and It will be understood that use of certain of the foregoing 
excipients. carriers, or stabilirers wUl result in the formaUon of such salts. Examples of 
phtrmaceutically acceptable salts include those of alkaUne earths (e.g.. sodium or 
magnesium), ammonium or NX/ (wherein X b C».» alkyi). Other pharmaceutically 
acceptable salts include organic carboxylic acids such as acetic, lactic, tartaric, malic, 
isethionic, lactoblonic. and succinic acids; organic sulfonic acids such as methanesulfonic. 
ethanesulfonic. benzenesulfonic. and p-toluenesulfonlc acids; and inorganic acids such as 
hydrochloric, sulfuric, phosphoric, and sulfamic acids. Physiologically acceptable salts of 
a compound having a hydroxy group include the anion of said compound in combination 
with a suitable cation such as Na*. NH.\ and NX/ (wherein X b a C^., alkyl group). 

Therapeutic conjugate compositions generally are placed into a container having a 
sterile access port, for example, an intravenous solution bag or vial having a stopper 
pierceable by a hypodermic injection needle. 

The conjugates herein are abo suitably adminbtered by sustained release systems. 
Suiuble examples of sustoined release composiUons indude semi-permeable polymer 
matrices in the form of shaped articles, e.g.. films, or microcapsules. Susttined release 
matrices include polylactides (U.S. Pat No. 3.773.919, EP 58.481). copolymers of L- 
glutamic acid and gamma-ethyl-L-glutamate (U. Sidman et al.. BiopQlYinen, 22. 547-556 
(1983)). poly(2-hydroxyethyl methacrylate) (R. Langer et al., J . Biomcd . Matcr . R« .. li: 
167-277 (I98I), and R. Langer. 0,i>in. Tech.. 12' 98-105 (1982)). ethylene vinyl acetate (R. 
Langer et al.. UJ or poly-D-(-)-3-hydroxybutyric acid (EP 133.988). 

Sustained release conjugate formulations abo include liposomally entrapped 
conjugates. Such systems have the advantage that biologically active material can be 
introduced into tbsues by phagocytosb. espei .Jly into tbsues of the reticuloendothelial 
system. Liposomes conttining conjugates are prepared by methods known net tt. including: 
DE 3.218,121; Epstein et al.. pnv nmI Acad. Sci. U.S.A.. J2: 3688-3692 (1985); Hwang 
et al.. P'nc N«tl Acad. Sci. U.S.A., 21: 4030-4034 (1980); O. Gregorladb. LifiCttinfi 
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Tj^hrolQftv^ Vol IL Incorpormtion of Drugi, Proteins, and 0«netlc Miteritl. CRC Press. 
1984; EP 52.322; EP 36.676; EP 18.046; EP 143.949; EP 142.641; Japtnete Pst Appln. 83- 
118008; VS. Pit Nos. 4.485.045; 4.774.085; and 4.544.545; and EP 102.324. In addiUon, 
the Uposome may be anUbody-coated for increase in uptake by the cells, as taught by Wang 

5 and Huang, fr^ ^'^t a^h. ScL UAA.. ti* 7851-7855 (1987). The Uposomci obuined 
can be stored in the aqueous phase up to several weeks or months after addition of 
stabilizers, for example, lactose. 

The size of the Uposomes formed depends* for example, on the structure of the active 
ingredient and the lipid component, the mixing ratio of the Upld components, and the 

10 conceniraUon of these components in the aqueous dispersion. Thus, for example, by 
increasing or reducing the concentration of the Upld component it is posiible to produce 
aqueous phases having a hlah content of imaU or large Uposomes. Ordinarily, the liposomet 
are of the smaU (about 200-800 Angstroms) unilamellar type in which the Upld content is 
greater than about 30 mol. percent cholesterol, the selected proportion being adjusted for 

15 the optimal therapy. 

For parenteral adminbtration. the Uposome-containing aqueous dispersion is suiubly 
mixed with customary thickeners, for example, hydroxypropylceUulosc, suitable 
preservatives, and antioxidants, and can be used in the form of a lotion or gel for 
application to the skin or mucous membranes. For parenteral use, the aqueous dispersion 

20 of the enriched Uposomes can be suspended in a suitable carrier Uquid, for example, sterUe, 
calcium free, isotonic sodium chloride or glucose solution, optionally buffered to pH 7.2- 
7.4. 

It b estimated that tfie dose to be applied to a human of about 70 kg weight will 
range from about 200 mg to 1 g of Uposomes conttining about 0.1 to 500 mg of entrapped 
25 conjugate, respectively. However, the highest and lowest dose of the encapsulated material, 
the concentration of tiic phospholipids in the aqueous phase, as weU as the proportions of 
ttie encapsulating phospholipids, can be varied according to resulu to be established 
experimentally in cUnical trials, the •effective amount" being thereby tied to the therapeutic 
results so obtained. 

30 The Uposomal pharmaceutical administration system according to the present 

invention may consist of a kit of parts set comprising vials or botties conuining the 

phospholipids and conjugates. 

If the antisense oligomer is to be used for cancer treatment, the conjugate therapy 

may be useful in conjunction with conventional chemotherapeutic agentt. such as 5* 
35 fluorouracil. If the antisense oligomer is to be used for AIDS treatment, the conjugate 

therapy may be useful in conjunction with AZT, CD-4, and other experimental AIDS 

treatment agentt. 

If the conjugate herein is to be used for diagnostic purposes, it is labeled with a 
suitable label moiety, typically the oligonucleotide being labeled. Suitable labels include 
4p radioactive labeb such as "P, "*I, **S. or the like, and non-radioactive labcb such as, for 
example, biotin, thyroxine, enzymes such ts hydrolases or peroxidases or phusphstases, ana 
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various chemiluminMcert web u laciferln. or Huorejcent compouadi inch u Huoreiceln 
•Bd its derlvitives. 

One dUgnostic technique la which Ubeled conjugites are useful Is io sssays for 
nucleic acid having a predetermined nucleoUde sequence in a eample relying on 
5 immobiUzaUon of the oUgomerIc probe on a soUd support Inunobllliing the probe on a 
hydrophobic surface through the Upld moiety allows the oUgonueleoUde to be more 
accessible to hybridiation than it is using. o.g^ Southern blots or dot blots. Also, in the 
instant method, the filter need only be washed with a solution of the conjugtte rather than 
heated to ims'obllire the nucleotides, u required for Southern blots. 
10 The method herein Involves immobUizing the conjugate, in Ubeled form, on a 

support, preferably a soUd matrix such as an agarose gel or a filter membrane, and 
contacting the sample with the immobillxod conjugate such that the nucleic acid will 
hybridize with the oligonucf -otide portion of ti»e conjugate if Uie nucleic acid Is present in 
tiie Mmple. Conditions for hybridization are weU known and include those described in 
15 Maniatis. M"''^"'"^ <''«"« nr ^ t .hftnitorv Manual (New York: Cold Spring Harbor 
Uboratory. 1982). Typically after such hybridization tiie support is washed to remove 
non-hybridizing materials and U»en die presence of Ubeled oUgomers U determined. 

In tills context. ti>e word "sample* refers to any liquid or biological sample that 
contains or potentially contains Uie nucleic acid to be assayed. Thus, tills term includes 
20 fluids such as human or animal body fluids, e.g.. blood, serum, urine, amniotic fluid, tissue 
extractt, cerebrospinal fluid, and the like. 

The above diagnostic method is useful for detection of specific nucleic acid 
sequences assocUted with infectious diseases, genetic disorders, or celluUr disorders such 
as cancer, e.g., oncogenes. Genetic diseases Include specific deUtions and/or mutations in 
25 genomic DNA from any organism, such as. e.g.. sickle ceU anemia, cystic fibrosis, c- 
tiialassemU, D-tiiaUssemia, and tiie like. Infectious diseases can be dUgnosed by the 
presence in cUnic samples of specific DNA sequences characteristic of the causative 
microorganism. These include bacteria, such as Salmonella, ChlamydU, and Neisseria; 
viruses, such as the hepatitis viruses; and parasites, such as the Plasmodium responsible for 
30 malarU. 

If a disease is characterized by the presence or absence of at least one specific 
restriction site in a specific nucleic acid sequence, such as sickle cell anemia and 0- 
thalaSsemU, it may be detected by the use of restriction enzymes. Thus, in the above 
method, after the support is washed, the immobilized conjugate b treated with a restriction 

35 endonuclease so u to cleave a restriction site within the oligonucleotide portion of the 
conjugate, producing labeled and unlabeled oligomer fragments, as described in U.S. Pat. 
No. 4.725,537 issued February 16, 1988. The labeled oligomer fragments are then detected. 
Thus. Ddfil [Geever et al.. Prog Natl Acad. Sci.. 24: 3081-5085 (1981)1 or MsiH (Orkin et 
»1., fi F-ngl. J. Med. . 307: 32-36 (I982)J may be employed if the disease is sickle cell 

40 <inemia. 
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. hyd«,phobic ph«e. .uch « oc«moU in . .uluble vessel for •xtr.ctlon .nd transfer 
L L oUc ph«e to «. pl-se. .uch « . U-tube. Likewise, the in.«u e 

eonttlnlng the t^get nucleic «id is provided in . hydrophilic phase such u water in the 
Lei. Til. vessel .!«> contain. «i p!-se without «iy nucleic «:id.. preferab y 

5 pu« water, into which the desired nucleic mcU is tx«uf«rT«l. The conjugate i. partial y 
Lluble in both the aqueou. «>d hydrophobic phase. »d it, oUgonudeoUde portion would 
hybridize to the target «r«.d. under aultable hybridizing condition.. «id would then 
,«nsport that .trand through the hydrophobic phue into the pure hydrophilic phase. This 
procedure represents in effect t .pecific wlecUve DNA eatracUon method. 

The invention wiU be more fuUy under.tood by reference to the followmg examples. 
They .hould not, however, be construed as limiUng the Kope of the invenUon. 

EXAMPLE I 

A. Preparation of Lipid Salt ,» 

1 2-di-0-hexadecyl-ii£-glyc«roI (Sigma) in an amount of 342 mg (0.63 mmol) wu 
evaporated from pyridine twice and then dissolved in 6 ml of pyridine and methylene 
chloride (1:1). After the flask was filled with argon, the wlution. while being .tirred at 
room temperature, was treated with van Boom', reagent (125 M wlution in dioxane, 0.52 
ml) (Marugg et al.. T,.^H.Hr.n Let... 21 2661 (1986)). When the reaction was complete (as 
determined by thin layer chromatography using EM silica gel 60 F^* pre-coated plates 
visualized with an acidic molybdenum sttin where the starting material has an of 0.S3 
and the product has an R, of 0.24). the solution was diluted with methylene chloride (10 
ml) and then shaken with several portions of aqueous triethylammonium bicarbonate 
(TEAB- 1 M). The organic layer was dried over anhydrous sodium .ulfate. filtered, and 
evaporated in vafiua- Column chromatography performed with EM silica gel.60 (70-230 
mesh) using SiO,. 5-20% methanol/methylene chloride with 1% added triethylamine 
followed by 1% aceUc acid in place of triethylamine) followed by additional extractions of 
the purest fractions with 1 M TEAB afforded 1.2-di.O-hexadecyl-a£-glycero-3-H 
phosphonate a. an off-white triethylammonium salt (76% yield). 

»H NMR spectra were obtained using a Varian VXR-300S spectrometer and were 
recorded as ppm (d) using TMS as an internal sundard. The results are »H NMR (d): 6.86 
(d J . 616 Hz, H-PV. 3.90 (dd. J - 4.2 and 7.7 Hz, H,C-OP); 3.60-3.40 (m. 7 H. H^C-O- 
HC-HX-O.H,C.); 2.82 (qua. J - 7.2 Hz, 6H. (H,C),.N); 1.S4 (m. 4 H. 2(C.H,C-C.o): 1^5 
(bs. 26 H): 1.19 (t. J - 7J Hz, 9 H, (H,C-C),.N); 0.87 (bt, J - 6.3 Hz. 6H. 2(H,C-C„). 

3$ B. Preparation of Conjugate 

The syothesU of (.olymer-bound nucleotide H-phojphonates wu performed on a 
Biosearch Model 4000 DNA synthesizer using a derlvatized controlled-pore glass as the 
support in the method described in Froehler. B.C. and Matteucci. M.D.. Tetrahedron Lc» .. 
22; 469 (1986): Froehler. B.C. et al., N^"-' ^eid. Re^.. l±. 5399 (1986); Froehler. B.C. and 
Matteucci. M.D.. A Nucleotides, fi: 287 (1987); Garegg. PJ. et al.. Tetrahedron Lett .. 22: 
-•OSl (1986). Detrityl-ion of the oligodeoxynudeolide afforded a free 5' hydroxyl group 
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toltable for eooJuttUoa with the Upld hydwiea phoiphoa»t« preduct of iwUon A. ThU 
product wM dteolvod (25 m|/ml) la pyridine/tcetonltrUe (1:1) and eoaJt>l»t«l with the 
pdyme-bouBd oUrKleoxyaucleoUde uslnf plveloyl chloride u the tcUvttiag eieot under 
the eouplin. conditions describ«l in the tbove loferencei. DoubUni the finU coupling time 
5 tt>d/or repetition of the coupiinf cycle had Uttle epptrent effect on the yield or purity of 
the products. The compounds prepirwl were: EL-T^^ EL-AOCTAOCT. EL- 
AGCrACK:TITrrACK:rAGCTiEL-CAGTOATGTGT;EL-ACACATCACTG.lnwhlch 

EL represents I >di-0-hextdecyl- J-f lycerylphosphete bound to the 5* hydroxyl group of 

the DNA. , . 

10 After deevege end deprotection using the methods In the above references, the 

products were enmlvred using thin-toyer chromttogrmphy. r-olyacrytomide gel 
electrophoresis, RP-HPLC. end enxymiUc degredttion. 
C. PolyicryUmide gel electrophoresis 

EL-DNA semples were dissolved in formemide-conttlning buffer, hetted to 90*C for 
15 one minute, end loaded on 15% ecryltmide. 7 M uret geb. After running tt 50 mA 
(tpproximttely 400 V) for 2J hours. geU were photographed under uv Illumination. The 
lipid-conuining EL-DNAs (vUualiied by UV shadowing) were less mobile than the 
corresponding lipid-free DNAs and appeared as broad streaks surrounding a major band. 
In each case, this major band was approximately as mobile u a normal oUgomer twice as 
20 long as the DNA of the EL-DNA. 

Polyacrylamide gel electrophoresb proved to be of little value, as the lipid- 
containiog products appeared as indistinct smcan of lower mobility than the corresponding 
non-lipid DNAS. Comparison of the relative amount of streaking EL-DNA to the noniial 
pattcf n of DNA bands provided only a very rough measure of Upid incorporation. 
25 D. Thin-layer chromatography 

The samples were run on analytical TLC plates (SiO,* nPrOHrconc. aq. NH.OItHjO 
55:10:35) and visualized both by UV and staining (alcoholic p-aaisaWehyde followed by 

heating). , u . ^ 

Using the propanol/ammonia/water eluant. the different species were obtained as 

30 distinct, individual spots. The crude synUietic products typically showed two or three spots 
corresponding to EL-DNA, DNA. and sometimes a trace of unidentified material at lower 
Rf. The major material (UV and stain) in all cases was tiie high Rf (0.55-0.70) EL-DNA. 
The corresponding normal oligomers ran Just above or just below tiie IL-DNAs. The 
relative locations of tiie compounds were constant, but tiieir Rf values were variable. In 

35 addition to tiie Rf differences, the color of tiie spots (produced by reaction with the 
molybdenum stain) differed. EL-DNA appeared purple, while DNA was dark blue (as wm 
the unidentified minor spot). 
E. Reverse-phase HPLC 

RP-HPLC was performed using a Waters Model 510 system and a 10 urn C8 Partisil- 

40 10. 4.6 X 250 mm analytical column. RP-HPLC samples were loaded in 100% "A" buffer 
(25 mM aqueous uiethylammonium phosphate (TEAP). pH 7.0. 5% CH,CN). Increasinf 
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«ao«nt,of -B- buffer (25 «M mu«,u,TEAP. pH 7.0. 7?% CH,CN) w«, uud to elut. the 
«n,pla f ro« the column .t . flow fte of 2.0 ml/nUa. Peak, were detected .t 254 nm and 
wan eoUected using nn eutonuited ffictioa collector. 

Butiln with the «,«eou, TEAP buffer with .» .cetonltrUe .r.dleat tfforded good 
5 MD«mUon of EL-DNA from the .miU tmount of contnmiotting Dormd DNA present In 
^Inmixtu.. U«derU.eseco«diUo«^DNAI«:kingtheUpid.luted.tl0.20%-B- 

depending on their length. In contr«t to nonn.1 DNA. ^''T'^^T^Zl 
.luted before the shorter one,. FoUowIng nr. elutlon dtt. for the f Iv EL-DNA. (% B ). 
EL-AGCTAGCrmTACCrAGCT (57%); EL-CAGTOATCTGT (62%); EL- 
10 ACACATCACrO(64%):EL-T,o(65%XEL-AGCrAGCT(68%) 

ThU technique gtve the most detailed product Information. Using TEAP buffer with 
M acetonltrUe gradient, the presence or absence of lipid in the synthetic material w« 
Immediately obvious. In every case, there w« a .mall amount of DNA (and the usual 
distribution of shorter oligomers) eluUng at low acetoniuile percentage, and a greater 
.mount of late-elutlng EL-DNA. A .mall analytical HPLC column generally produced a 
.ingle, broad, tailing peak of lipid-DNA material. After the HPLC materiaU were isolated, 
further thio-layer chromatography experiments were run confirming that the Ute-eluttng 
HPLC peaks and the high Rf . purple-staining TLC spott were identical. 

F. Enzymatic Digestion „ ^ . . . • 

Further characterization of one EL-DNA (EL-CAGTOATGTGT) was carried out 
by enzymatic digestion. Snake venom phosphodiesterase (Boehringer Mannheim GmbH) 
catalyzed nearly complete hydrolysU of the DNA backbone (36«C . 30 min.. 50 mM Tris. pH 
8 10 mM MgCI,). Bovine spleen phosphodiesterase (Sigma), however, left the lipid-DNA 
inuct ore. 1.5 hours. 50 mM Tris. pH 8. 10 mM MgCI,). These results are as expected 
for a DNA that bears a free hydroxyl group at the y terminus but b blocked at the 5' end. 
EL-CAGTGATGTGT was found to be Incompetent as a substrate for both phospholipase 
C (Sigma, from BaciUus cereus) and phospholipase D (Sigma, from cabbage) under standard 
conditions (100 mM Tris. pH 8. 10 mM CaQ^ 36-Q. RP-HPLC amdysis of the digestion 
products showed only Intact EL-DNA witfi each of the enzymes. 
30 G. Thermal Denaturation Profile 

Samples containing normal DNA (CAGTGATGTGT/ACACATCACTG). EL-DNA 
(EL-CAGTGATGTGT/EL-ACACATCACTG).-or a mixture of DNA/EL-DNA (EL- 
CAGTGATGTGT/ACACATCACTG and CAGTGATGTGT/EL- ACACATCACTG) in I 
ml of buffer (100 mM NaO. 10 mM Na,HPO.. 1 mM EDTA. pH 7.2; each strand 2 fiM) 
35 were pUced In a masked 1-cm cuvette. All the »mples were desalted (SEP-PAK C-18 
minicolumn), HPLC-purified material. The insulated cell compartment was warmed from 
10 to 80*C in rC increments with equilibration for I min. after attaining each temperature. 
UV absorbance at 260 nm was recorded automatically as a function of temperature. 

The T.S for EL-CAGTGATGTGT/ ACACATCACTG (38'C) and 
/.C CAGTGATGTGT/EL-ACACATCACTG (33*C) were decreased relative to that of the 
normal duplex CAGTGATGTGT/ACACATCACTG (4rC). There have been a number 
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of fepom of T, decreaiet for DNA-Uftad coaJoittM. See. for exiinple, Kempe et 
l^fn Pl AriAn Rm.. 43 (1985). The wylai degree of T, depretiion mty limply reflect 
the differencet la GC v«. AT content at the Upid-betring end of etch duplex. More 
Interesting Is thit with Upid on both DNA etiwids (EL-CAOTGATOTGT/EL- 
5 ACACATCACTC; T. 50*C) the T. is mirlcedly higher thui for Upid-free DNA. These 
results may indicate the formation of some higher-order Upid structures when Upld is 
present at each.end of the duplex that are not accessible to duplexes bearing only a single 
Upid. 

EXAMPLE n 

It is known that NIH/3T3 mouse flbroblasts can be transformed by m oncogenes 
using calcium chloride transfection (see Graham and Van der Eb. Ykalflgjt. 52? 456-467 
(1973) and Wigler et al.. N.ti A«id. Sci. U.S.A.. 2& 1373-1376 (1979)). The 
transformed cells form foci of refringent celb that have lost cor»act inhibition and can 

15 grow in athymie mice. 

In this prophetic example, Uie human m oncogene (isobted from a plasmld. for 
example) is covalentiy coupled to a phosphoUpid by any of Uie techniques described above, 
including nitrogen linkage, or preferably is Ugated to a Upid-olic.«nucleotide conjugate. In 
tiie latter case, a linker is constructed Uiat b complementary to and spans Uie 3' end of the 

20 oligonudeotido of the conjugate to the 5' end of the human m oncogene (which is 
conuined in a linearized plasmid). This oligonucleotide portion of the conjugate, die linker, 
and the linearized plasmid are phosphorylated by sttndard kinase techniques and Ugated 

together using T4 Ugase. 

Connuent monolayers of N1H/3T3 celb are washed twice witii Dulbecco's Modified 
25 Eagle's medium (DMEM) wiUiout serum and incubated in tf»b DMEM medium for four 
hours. Then, one of the lipid^m conjugates b added to tiie medium and allowed to 
incubate for three hours at 37*C. Complete DMEM medium with 10% feul calf serum b 
then added to the Petri dbh. in an amount of 10:1 (v/v). and allowed to stand oveVnight at 
3rc. The next day tiie celb are spUt in 1/20. 1/40. and 1/80 dilutions and left growing 
30 for 17 days, after which the foci are scored. 

The m oncogene can be internalized into die cell, brought to ti>e nucleus, and 
expressed to yield the 02 oncogene product, showing that the conjugates can transform 
NIH/3T3 celb in a stable fashion. 

In summary, Uie present invention b directed to conjugates of oligonucleotides and 
35 Upids for transporting, targeting and internalizing the oUgonucleotides to and within 
appropriate celb, generally by endocytoib. After internalization, the conjugate b cleaved, 
for example, by cellular Upases thai recognize an appropriate cleavage site on the conjugate. 
Thus, the conjugate herein suitably acts as a cytospecific drug capable of specific delivery 
to a ceU of an oligomer expressing a polypeptide having various types of activities, for 
40 exauiple. therapeutic, prophylactic, antiviral, cytotoxic, etc. In addition, the oligomer may 
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WHAT IS CLAIMED S . 

1. A eovrient eonjofite of » UpM «nd an olif onodeotide and phiniuceuucilly 

acceptable talo thereof. - ^ . ^ 

2. The coiUufate of claim I wheiein the Upid is linked to the 5* end of the 

5 oligonucleotide. 

3. The conJuiate of claim 2 whetein the lipid Is linked to the 5* hydroxyl group 

of the oligonucleotide. 

4. The conjugate of claim 1 wheiein the Upid has a cleavage site ipecincally 
recogni»d by an eniyme endogenous to a host ceU to which the conjugate is targeted. 

,0 5. The conjugate of claim 4 wheiein the cleavage site is susceptible to entymatic 

hydrolysis. 

6. The conjugate of claim 5 wherein the enxyme U located at a ceUular or nuclear 
membrane. 

7. The conjugate of claim 4 wheiein the enzyme Is in the cytoplasm of a celL 
15 g. The conjugate of claim 4 wheiein the cleavage site is the oxygen atom derived 

from the S* hydroxyl group of the oligonucleotide. 

9. The conjugate of eUim 3 wherein the Upid is a phoi phoUpid and the enzyme 

is a lipase. 

10. The conjugate of claim 9 wheiein the Upase Is a phospholipase. 

20 11 . The conjugate of claim 10 wheiein the phospholipase is phospholipase C or D 

or both. 

12. The conjugate of claim 1 1 wheiein the cleavage site is the oxygen atom derived 
from the 5* hydroxyl group of the oligonucleotide. 

1 3. The conjugate of claim 1 1 wherein the cleavage site is the oxygen atom on the 
25 glycerol side of the phosphoryl group of tiie phospholipid. 

14. The conjugate of claim 1 having tiie formula: 

L-a(X-Z)l.-pC-P(-Y)0-»Jy-A, 
wherein L is a steroid moiety. Rj, or R,-X-CH(R4)-CH(-X-R,)-CH„ where Rj U 
a Ci-C,o alkyl, Cj-Cjo mono-, di-, or polyunsaturated alkyl. C,-C, cydoalkyl or C*- 
30 Cg mono-, di-, or polyunsaturated cycloalkyl group, Rj, R,. and R» are 

independentiy H, R^, or o-tmino acyU X is 0. S, NH, C(-0), or C(-0)0. 0C(-0). 
NHC(-0). or C(-0)NH, and Y is 0 or S; 

Z is a C,-Cjo saturated or mono-, di-, or polyunsaturated alkylene moiety, n, m, and 
35 y are bdependentiy an integer from 0 to about 10; and 

A is selected from the group consisting of 
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when B b a deprowcted b«e. p b an Intef er from about 5 to 30. q and r are iategen from 
aboat 1 to 28. provided that r ♦ q Is from about 4 to 29. • aad t a« iategert from 0 to 
IS about 29. provided that • ♦ t b from about 4 to 29. E b X or 2X. and D li lelected from 
the group consbtinf of (where the bond f ;um the riat nitrof ens b atttched to the sugar 

moiety of the oligonucleotide): 
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15. The conjufitt of claim 14 wherein L is R^-X*CH(R4)-CH(-X-R,)-CH^ 

16. The coojugtte of claim IS wherein and R9 are independently H or C^o - 
15 C,a saturated or unsaturated allcyl groups, R4 is H or R^, X is O. NH. NHC(-0), C(-0). 

OC(-OX or C(-0)0. and Y is O. 

17. The conjusate of claim 16 wherein Z is ethylene or carboxyethylene, n, m, and 
y are 0 to 2, and A is the oligonucleotide connected tlirough its 5* end. 

18. Theconjugateof claim 17 whcreXisO.yis 1 or2,mis 1 or2,nis0or 1, 

20 and p is fnm about 10 to 25. 

19. The conjugate of claim 15 wherein A is connected through the N6 of an 
udenine residue or the N4 of a cytosine residue. 

20. The conjugate of claim 1 wherein the oligonucleotide comprises at least five 

bases. 

25 21 . The conjugate of claim 20 wherein the oligonucleotide has from about ten to 

about thirty bases. 

22. The conjugate of claim 2 1 wherein the oligonucleotide has from about fourteen 
to about twenty-five bases. 

23. Th^ "^njugate of claim 14 wherein at least one base is a subsuntially planar 

30 pyrimidinone bsise. 

24. The conjugate of claim 1 wherein the oligonucleotide comprises a nucleotide 
sequence sufficiently complementary to a pathogenic nucleic acid or an oncoeene to 
hybridize thereto. 

25. The conjugate of claim 24 wherein the nucleic acid is viral nucleic acid. 

35 26. The conjugate of claim 1 wherein the oligonucleotide hu a nucleotide sequence 

represecting, or capable of hybridizing • cleavage site specifically recognized by an 
enzyme endogenous to a host cell to which the conjugate is targeted. 

27. Tlie conjugate of claim 1 wherein the oligonucleotide comprises a nucleotide 
sequence representing, or capable of hybridizing to, an mRNA splice site. 

40 28. The conjugate of claim 1 that b labeled. 

29. The conjugate of claim 1 that b immobilized on a solid support. 

30. The conjugate of claim 29 wherein the solid support has a hydrophobic 
surface. 

31. A method comprising transfecting into a host cell the conjugate of claim 1. 
43 32. A host cell transfected with the conjugate of claim 1. 
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33. A composition compniiog • phannteentictlly tccepuble ctrrier and the 

coojuftte of claim K 

34. The composition of claim 33 wherein the carrier is a liposome. 

35. The composition of claim 33 that b isoionlr. 

36. The composition of claim 33 that is sterile. 

37. A method comprising administering to a mammal suffering from a pathogenic 
condition an effective amount of the composition of claim 33. 

38. The method of claim 37 wherein the pathogenic condition is a viral infection. 

39. The method of claim 37 wherein the carrier in the composition is a liposome. 

40. A method for the assay of a nucleic acid having a predetermined nucleotide 
sequence in a sample comprising: 

(a) providing the conjugate of claim 28 that has a nucleotide sequence capable 
of hybridizing to the predetermined sequence; 

(b) immobilizing the labeled conjugate on a support; 

(c) contacting the sample with the immobilized conjugate und*.r conditions that 
would cause hybridization of the nucleic acid with the oligonucleotide portion of the 
conjugate if the nucleic acid is present in the sample; and 

(d) detecting the presence of labeled oligomen. 

41. The method of claim 40 which further comprises, after step (c), the step of 
contacting the immobilized conjugate under conditions of digestion with a restriction 
endonuclease that is capable of cleaving the oligonucleotide portion of the conjugate so as 
to produce labeled and unlabeled oligomer fragments; and wherein in step (d) the oligomers 
are oligomer fragments. 

42. A method for separating an oligonucleotide from a mixture, which method 
comprises: 

(a) providing the conjugate of claim 1 having a nucleotide sequence capable 
of hybridizing to a sequence contained within the oligonucleotide to be separated; 

(b) immobilizing the conjugate on a support; 

(c) contacting the mixture with the immobilized conjugate, under conditions 
causing hybridization of the oligonucleotide of the mixture with the oligonucleotide portion 
of the conjugate: and 

(d) separating the hybridized oligonucleotides. 

43. A method for separating an oligonucleotide from a mixture, which method 
comprises: 

(a) providing the conjugate having a nucleotide sequence capable of 
hybridizing to a sequence contained within the oligonucleotide to be separated in a 
hydrophobic phase; 

(b) providing the mixture in a hydrophilic phue; 

(c) conucting the phase containing the mixture with the phase containing the 
conjugate, under conditions causing hybridization of the oligonucleotide of the mixture 
with the oligonucleotide portion cf the conjugate; and 
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